Past trigger logic for high-energy physics experiments often involves the same basic functions on a large number of bits. A set of general-purpose modules has been designed at the CERN Omega Spectrometer to meet this need. The modules are described and their actual use in physics experiments is presented.
Introduction
The Omega Spectrometerl12 is a large acceptance detector which is designed for measuring interactions with many particle final states. The tracks are detected by multiwire proportional chambers (MWPCs), of X 37000 wires, inside the magnet volume. Three special MWPCs, two multi-cell 6erenkov counters and three scintillator hodoscopes are used for triggering on particles in the forward direction (Fig. 1) . The detector is also equipped with a photon position detector and a lead-glass array, mainly for photon physics.
A radio-frequency separated hadron beam and an electron/photon beam give the spectrometer a high degree of flexibility. Physicists from various European universities and laboratories use the Spectrometer and typically each experiment stays on the floor for three months.
The main detector chambers are of the read-only type, using the GARAM-P/FDS3 technique for the delay section. The electronics associated with each wire is shown schematically in Fig. 2 The bus drivers are the ECL 10123 I.C. and the receivers the ECL 10216 I.C. Special care has been taken in the design and the packaging of the MBNIM modules to optimize performance, reliability, cost, and maintenance.
2.1.1 Bus Interface Boards. In order to have a well-defined bus load at each port, two standard interface boards have been designed: the dual-port interface and the single-port interface board, which may also receive 8 miniature coaxial connectors giving access to 4 NIM to ECL 10K level converters and 4 ECL 10K to NIM level converters. Three 100 Q resistor networks can be inserted to terminate the bus wherever necessary (a front panel light-emitting-diode indicates whether the termination is in or not). At the rear of each interface port, two rows of three dual in-line 16-pin connectors are used to transmit the buffered bus signals to the function board in the user module.
2.1.2 CAMAC Interface. Another standard board is used on the CAMAC dataway side of modules which can be loaded with reference data. This interface decodes and transfers the CAMAC commands given in Table 1 to the function board in the user module. An unusual feature is the check procedure: a comparator on the function board compares the memory contents with the data that is presented on the write lines of the CAMAC dataway; whenever a mismatch is found by the comparator, further Q responses are inhibited and an error flag is set.
The dual-port interface board and the CAMAC interface board may be seen in Fig. 3 . All boards are double-sided printed-circuit boards equipped with AUGAT HOLTITE pins for integrated circuits and resistor networks. (Fig. 4) (Fig. 5) (Fig. 5) is a level converter often used at the end of an MBNIM logic system to convert bus levels into NIM levels, e.g. for checking purposes. It has a 15 ns input to output propagation delay time.
The System From a User's Point of View
The modules described in the previous section use the standard interface boards. Up to 10 ports can be connected to the same bus without significantly affecting the data transmission (less than 0.3 ns per port). All modules are single-width NIX (double width CAMAC) to give easy access to the front-panel sockets. The power requirement does not exceed that of present CAMAC systems.
The cost of wiring MBNIM logic is five times lower than that of miniature coaxial cable. However, the wiring of complex systems requires some knowledge of the topological problems posed by flat ribbon cables.
The mean commercial cost of the modules is $900. 
Uses of MIBNIM at the CERN Omega Spectrometer
Typically, MBNIM is used to provide a forward trigger with the three scintillator hodoscopes and the two erenkov hodoscopes. In this case, most experiments use a four-level coincidence matrix system based on 16 BIT ASSIGNERs and 10 MULTILOGICs, wired according to the specific experiment needs.
The basic 16 x 16 matrix arrangement is shown in Fig. 6 , the complete set up being typically 4 x (32 x 32) matrices. If Hi(Hj) denotes the Hi pattern predicted from the actual Hj pattern and Hl, H2, H3, Cl, and C2 denote the scintillation and 6erenkov hodoscopes described in the Introduction (see also Fig. 1) , then the trigger pattern T used by the experiments is T = H2-H2(H1)*H2(H3)*H2(Cl)*H2(C2)
This trigger system was used by the CERN WA56 experiment7 (Search for baryonium states in pp at 2.02 and 2.20 GeV) and the WA60 experiment7 (Study of strangeonium and baryonium). It is currently in use by the WA57 experiment7 (High-mass vector-meson study). The arrangement of the modules differs from experiment to experiment and the modularity has proved to be extremely useful.
A trigger on the sagitta of two forward particles was also used by the above-mentioned WA56 experiment.
This trigger involves two (or three) trigger chambers with fast parallel read-out. Leftmost and rightmost wires in each chamber are binary coded and presented onto a MBNIM bus. Using RAHMs and ALU-16s modules, it is then possible to make a momentum selection and scan all the possible combinations of two hits in two (or three) planes. A subset of this trigger is shown in Fig. 7 .
The system may also be used for the recognition of event patterns either by straightforward look-up 
